Proliferation of cells in multicellular organisms is a highly regulated process involving complex extracellular and intracellular signaling events that must occur under strict spatial and temporal coordination (1, 2) . Recently, it has become apparent that controlled proteolysis of specific growth regulating proteins is an essential feature of normal cell division (3) (4) (5) (6) and may contribute to pathologic cell proliferation as well (7) .
Thus far, there is substantial evidence only for participation of the ATP and ubiquitin-dependent proteolytic system in proteolysis of growth associated proteins (7) (8) (9) . However, it is likely that other regulated intracellular proteolytic enzymes are necessary for cell proliferation. For example, it has recently been shown that conjugation with ubiquitin is not necessary for the degradation of the AP-1 complex constituent, c-Jun (10) . An intracellular proteolytic system that could function in cell growth comprises two calcium-dependent proteases, m-calpain (calpain II, m-CANP) and -calpain (calpain I, -CANP), and their specific inhibitor protein, calpastatin (11, 12) . The calpains have an absolute requirement for Ca 2ϩ . Given the important role of intracellular Ca 2ϩ as a second messenger, it seems likely that calpain-catalyzed proteolysis is required for some Ca 2ϩ -responsive intracellular processes, including cell proliferation. c-Jun and other growth-related transcription factors are excellent calpain substrates (13, 14) . Transfection of NIH3T3 or F9 cells with calpastatin sense RNA appeared to increase c-Jun stability (13) . Calpastatin antisense RNA had the opposite effect. Moreover, DNA-binding proteins in isolated rat liver nuclei required very low Ca 2ϩ concentrations for proteolysis by calpains (15, 16) . Thus c-Jun or other transcription factors bound to DNA are potential substrates for calpains at the low concentrations of intracellular Ca 2ϩ generated during Ca 2ϩ -dependent signal transduction events. Unfortunately, it has proven difficult to gain insight into the physiologic function of the calpains; they display a great deal of flexibility in substrate specificity (17) , and most importantly, a calpain-specific, cell-permeant inhibitor has not yet been developed, although much effort has been invested in this direction (18 -20) . The best specificity appears to have been achieved with a peptidyldiazomethyl ketone, ZLLY-CHN 2 , 1 which inhibits calpains and cathepsin L (21) . Treatment of platelets with radioiodine-labeled ZLLY-CHN 2 and subsequent addition of Ca 2ϩ ionophore resulted in specific radiolabeling of calpain large subunit (21, 22) . The diazomethyl ketones are irreversible, mechanism-based inhibitors (20, 23) and allow one to inhibit most of the calpain activity in platelets (21, 22) or cultured cells (24) . We have recently utilized ZLLY-CHN 2 to show that calpain activity is essential for growth of various cultured animal cells (24) . In the present study, this inhibitor was used as a selecting agent to isolate a CHO cell clone which has diminished -calpain content and a reduced proliferative growth rate.
EXPERIMENTAL PROCEDURES
Materials-Electrophoresis and protein immunoblotting supplies, as well as Bio-Gel A-1.5m, were obtained from Bio-Rad. IMDM was purchased from Life Technologies, Inc., and bovine calf serum was obtained * This work was supported in part by United States Public Health Service Grant HL 36573. The costs of publication of this article were defrayed in part by the payment of page charges. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. Section 1734 solely to indicate this fact.
‡ To whom correspondence should be addressed: The SHI cells used in this study appeared as a single colony in one of the wells after 1 week of recovery from this final treatment. They were allowed to grow for another week to ascertain that no other colonies appeared in the well and to allow accumulation of sufficient cells to transfer to a 25-cm 2 flask for further growth. Cell Growth Assays-Proliferative cell growth was measured directly by counting suspended trypsinized cells using a hemocytometer. At least six separate counts were taken for each sample, and the average was taken for calculating cell number. In some experiments, cell growth was estimated by measurement of mitochondrial MTT reductase activity as described previously (30) , with minor modifications. Cells were grown in 24-well plates in 1 ml of medium. MTT was added to a final concentration of 2 mM, and the cells were incubated for 30 min at 37°C. Culture medium was removed, and 800 l of 95% ethanol was added to the wells to solubilize the blue formazan product of MTT reduction. The ethanol suspension was centrifuged, and the A 590 of the supernatant was recorded.
Cell Survival Assay-CHO p or SHI cells were obtained by mitotic shake off from 70% confluent 75-cm 2 flasks. Approximately 1000 cells/ well were plated in 2.5 ml of IMDM containing 10% bovine calf serum in 9.5-cm 2 wells. After 1 h, medium was changed to remove cells that did not attach. Control experiments indicated that plating efficiency under these conditions was approximately 50% for either CHO p or SHI cells. ZLLY-CHN 2 was added to a final concentration of 70 M, and cells were exposed to this inhibitor for 16 h, washed twice with phosphatebuffered saline, and allowed to recover in medium minus ZLLY-CHN 2 . After 12 days of recovery, cells were stained for 30 min with 2 mM MTT in culture medium, and colonies Ն16 cells were counted.
To investigate the effect of increased -calpain content on cell survival, mitotic SHI cells were electroporated in the presence of -calpain as described below, and approximately 1000 viable cells (determined by trypan blue dye exclusion) were plated per well in 9.5-cm 2 culture plate wells. After 24 h to allow recovery from electroporation, the cells were exposed to 70 M ZLLY-CHN 2 for 16 h and analyzed as described above for colony formation.
Tritiated Thymidine Incorporation-Mitotic CHO p or SHI cells were collected by shake off, and approximately 10,000 cells were plated per well in 48-well plates. At various times, 0.5 Ci of [ 3 H]thymidine was added to the culture medium in individual wells. After 30 min of incubation, medium was removed, and thymidine incorporation was assayed as described previously (31) . Briefly, the cells were extracted with buffer containing SDS, DNA was precipitated with trichloroacetic acid, and the NaOH-solubilized DNA pellet was assayed for 3 H by liquid scintillation counting.
Mitotic Index-Cells were harvested by trypsinization and fixed with methanol:acetic acid (3:1). Mitotic indices were measured by light microscopy on a minimum of 1000 Giemsa-stained cells.
Preparation of Cell Homogenate Supernatants-Unless otherwise indicated, cells were grown in 15 ml of IMDM in 75-cm 2 flasks until confluent. The cells were washed two times with 5 ml of Hanks' balanced salt solution at 37°C and scraped in 0.5 ml of ice-cold 50 mM Mops, 5 mM EDTA, 1 mM dithiothreitol, 0.5% Triton X-100, pH 7.0. The cells were then homogenized in a small frosted-glass homogenizer. Cell homogenates were centrifuged for 10 min at 12,000 ϫ g to produce a low speed supernatant fraction.
Bio-Gel A-1.5m Chromatography-Generally cell supernatants from three 75-cm 2 flasks were pooled for each Bio-Gel chromatography experiment. A 1-ml sample of supernatant, equivalent to approximately 2 ⁄3 of the total, was applied at 7°C to a 1 ϫ 28-cm column equilibrated in 50 mM imidazole-HCl, 0.2 mM EGTA, 100 mM NaCl, 1 mM dithiothreitol, pH 7.8. Fractions of 0.5 ml were collected.
DEAE-Sepharose Chromatography-Total calpain activity fractions from Bio-Gel chromatography runs were pooled, avoiding fractions which contained measurable calpastatin activity, and diluted with BioGel equilibration buffer minus NaCl to a final NaCl concentration of 70 mM. Pooled calpain fractions were applied at 7°C to a 4-ml DEAESepharose column equilibrated in 50 mM imidazole-HCl, 0.2 mM EGTA, 1 mM dithiothreitol, 50 mM NaCl, pH 7.8. Calpain activities were eluted with a 20-ml linear concentration gradient of NaCl, 50 -500 mM, in equilibration buffer. One-ml fractions were collected.
Calpain and Calpastatin Assays-Calpain activity was determined by release of trichloroacetic acid-soluble fragments from [ 14 C]methyl casein essentially as described previously (32) . Ten microliters of the calpain sample was assayed for 20 -30 min. Total calpain activity was determined by assaying in the presence of 5 mM Ca 2ϩ , and the -calpain isozyme was selectively assayed by using 0.2 mM Ca 2ϩ in the assay. m-Calpain activity was calculated by subtracting -calpain activity from total calpain activity. To correct for background proteolysis in cell extracts or chromatography fractions, blanks contained all of the components of the assay mixture including the cell homogenates or column fractions, as well as 16 g of human calpastatin/ml. The latter is a highly specific inhibitor of calpains (20) . Background proteolysis accounted for no more than 2% of the total caseinolytic activity in Bio-Gel chromatography fractions and was not detectable in DEAE-Sepharose column fractions. A unit of calpain activity produces 1 g of trichloroacetic acid-soluble fragments of casein per min under standard assay conditions.
Calpastatin activity was determined by its ability to inhibit a defined amount of purified bovine myocardial m-calpain in the standard 14 Ccaseinolytic assay. Column fractions were heated at 100°C for 10 min and then centrifuged at 12,000 ϫ g for 10 min. Calpastatin is a heatstable protein and remains in the supernatant fraction. Ten-l samples of the supernatant were assayed for inhibitory activity utilizing 0.4 unit of purified m-calpain in the incubation mixture. A unit of calpastatin produces 50% inhibition of 1 unit of calpain in the standard calpain assay.
Other Enzyme Assays-Cathepsin L-like activity in cell homogenate supernatants was determined by a modification of the caseinolytic calpain assay. The pH of the buffer was adjusted to 6.0; 10 M pepstatin A was added to inhibit cathepsin D-like activity, and Ca 2ϩ was replaced by 0.5 mM EDTA. Ten microliters of supernatant was added to 40 l of substrate at 37°C. After 10 -16 h, trichloroacetic acid was added to 2.5%, and trichloroacetic acid-soluble radioactivity was measured as described previously (32) . Other samples of supernatant were assayed in the presence of ZLLY-CHN 2 , and cathepsin L-like activity was taken as the difference in radioactivity between the assays with and without this inhibitor. One unit of cathepsin L-like activity produces 1 g of trichloroacetic acid-soluble casein per h. Cathepsin B-like activity was assayed using benzoylarginine ␤-naphthylamide as substrate (33) . A unit produces 1 nmol of ␤-naphthylamine per min under the standard assay conditions. Total glycogen phosphorylase was measured as described previously (34) in the presence of mM AMP. A unit of phosphorylase produces 1 nmol of inorganic phosphate per min.
Protein Determination-The protein concentration of cell homogenate supernatants and column fractions was determined by the method of Lowry et al. (35) using BSA as the standard.
Protein Immunoblotting-Proteins and cell homogenates were heated to 100°C in the presence of SDS and mercaptoethanol and subjected to SDS-polyacrylamide gel electrophoresis on 10% slab gels using the Laemmli buffer system (36) . CHO p cell or SHI cell proteins in the gels were transferred to nitrocellulose sheets and immunostained for m-calpain and -calpain large subunits utilizing the anti-rat calpain immune serum obtained from Dr. Elce as first antibody and alkaline phosphatase-conjugated second antibody. Human calpain electroporated into SHI cells was detected with a monoclonal antibody derived using human erythrocyte -calpain large subunit as the antigen. Im-munoreactive bands were stained with indolyl phosphate and nitro blue tetrazolium (37) .
Electroporation-SHI cells were collected by shake off from 12 70% confluent T-75 culture flasks, washed by centrifugation several times with sterile phosphate-buffered saline, and subjected to electroporation based on a previously reported protocol (38) . Two aliquots containing 1.25 ϫ 10 6 cells each were suspended in 50 l of phosphate-buffered saline containing 0.5 mM EGTA, 0.1 mM dithiothreitol, and 2 mg of either BSA or human erythrocyte -calpain/ml. The samples were incubated on ice in electroporation cuvettes and then electroporated in a Bio-Rad Gene Pulser electroporator at 0.26 kV using a pulse time of 20 -26 s at a capacitance of 0.125 microfarads. The cells were immediately diluted with 1 ml of warm IMDM containing 0.1 mg of human erythrocyte calpastatin to inhibit extracellular calpain and gently suspended.
For measuring uptake of calpain by electroporation, the cells were treated with 100 g of trypsin/ml for 2-3 min, harvested by centrifugation, and immediately suspended in hot SDS-sample preparation buffer. The solubilized proteins were then subjected to SDS-polyacrylamide gel electrophoresis and Western blotting. The first antibody was a monoclonal antibody which is highly species-specific for human -calpain large subunit, and therefore, the hamster -calpain in control SHI cells was not detected. Approximation of the amount of -calpain incorporated into SHI cells was based on visual comparison of immunostaining of SHI cell extracts with immunostaining of known amounts of purified human -calpain, electroblotted from the same gel slab.
In other experiments, the electroporated cells were diluted 20-fold in IMDM medium and plated in 24-well culture plates at approximately 5,000 cells/well. Following a 2-h incubation to allow cell attachment, medium was replaced. At various times after plating, cell counts were taken to measure proliferative growth. In a control experiment, it was found that addition of calpain and calpastatin to cells under the same conditions as described above, but without electroporation, did not influence cell growth.
Statistical Analysis-p values, where indicated, were derived from Student's t test for nonpaired (independent) samples.
RESULTS
Growth Characteristics of SHI Cells-As described under "Experimental Procedures," SHI cells were selected from the parental CHO p cell line on the basis of their resistance to ZLLY-CHN 2 toxicity. Resistance of the isolated SHI cells was confirmed by a survival assay performed as described under "Experimental Procedures" (Fig. 1) .
Initial characterization studies were performed to compare growth properties of SHI cells compared with the parental CHO p cell line. SHI cells grew at a substantially lower rate than CHO p cells, assayed either by MTT reductase activity (not shown) or direct cell counting (Fig. 2) . Under standard culture conditions, the SHI cells had a population doubling time of 29 h, compared with 19 h for CHO p cells. Studies of tritiated thymidine incorporation in CHO p and SHI cells synchronized in mitosis indicate that the major difference in growth rate occurred between mitosis and S phase. This interval was prolonged by 8 -10 h in SHI cells (Fig. 3) . The decreased growth rate could have been the result of either decreased rate of exit from mitosis or an increased G 1 to S phase interval. However, the mitotic index of the SHI cells was 3.4 Ϯ 0.3% compared with 6.7 Ϯ 1.1% for CHO p cells (n ϭ 4), indicating that mitosis is not prolonged in the former. Therefore, the SHI cells appear to take longer than CHO p cells to progress through G 1 phase. SHI cells have maintained this reduced growth rate after more than 20 passages in IMDM containing 10% bovine calf serum.
Calpain and Calpastatin Content of SHI Cells-Supernatants were prepared from CHO p or SHI cell homogenates as described under "Experimental Procedures." Samples were applied to a gel filtration column, and fractions were assayed for calpains and calpastatin. Several independent experiments indicated that CHO p cell -calpain represented 7-10% of total calpain (Fig. 4, panel A) . SHI cells contained significantly less -calpain activity (Fig. 4, panel B) . Calpastatin content was essentially the same for both cell lines.
Cathepsin L-like Activity in SHI Cells-In addition to the calpains, the other major intracellular target of ZLLY-CHN 2 appears to be cathepsin L (21, 22) . To determine whether SHI cells had altered cathepsin L content, cell homogenate supernatants from SHI and CHO p cells were assayed for cathepsin L-like activity as described under "Experimental Procedures." Casein was chosen as the substrate for these experiments because cathepsin L has more activity on protein substrates than other intracellular cysteine proteases, including cathepsins B and H (39) . Cathepsin L-like activity was modestly increased in SHI cells at best (Table I) . Moreover, assays for cathepsin B, a protease which is not very sensitive to inhibition by ZLLY-CHN 2 (25) , also revealed a slight increase, as did glycogen phosphorylase activity. These data do not support the notion that ZLLY-CHN 2 treatment selected for a clone possessing altered cathepsin L levels.
Characterization of SHI -Calpain-To further explore possible differences between -calpain activity present in SHI and CHO p cells, pooled Bio-Gel fractions from chromatography runs of SHI or CHO p cell extracts were subjected to DEAESepharose chromatography. SHI and CHO p cell -calpain activities eluted at the same NaCl concentration, 0.15 M (Fig. 5,  panels A and B) , which is characteristic for -calpain from several different species (40 Decreased activity of SHI -calpain could have been the result of a lower content of this isozyme or some covalent post-translational modification (e.g. phosphorylation) which decreased its specific activity. To resolve this issue, samples of pooled -calpain and m-calpain activity peaks from the experiments depicted in Fig. 5, panels A for CHO p calpain). These studies suggest that SHI cells contain a relatively small amount of normal -calpain isozyme.
Restoration of Wild-type Growth Rate by Electroporation of -Calpain into SHI Cells-When SHI cells were subjected to electroporation in the presence of 2 mg of human -calpain/ml, as described under "Experimental Procedures," they accumulated approximately 25 ng of -calpain/10 6 cells (Fig. 6 ). This is nearly the same as the content of -calpain in wild-type CHO p cells. The latter is estimated to be 30 ng/10 6 cells, based on the specific activity of purified -calpain (5.4 units/g protein), and the -calpain activity recovered from CHO p cells after Bio-Gel chromatography as depicted in Fig. 4 (5 units from two confluent T-75 flasks or 30 ϫ 10 6 cells). The calpain was internalized and not simply bound to the exterior of the cells, since it was not removed by trypsin treatment (see "Experimental Procedures"). Uptake of the human -calpain sensitized the SHI cells to the toxic effects of ZLLY-CHN 2 (Fig. 8) ; whereas electroporation in the presence of BSA produced little if any increase in ZLLY-CHN 2 toxicity (compare Fig. 8 , BSA sample, with Fig. 1, SHI cells) .
A 24-well plate was seeded at approximately 5000 cells/cm 2 with cells electroporated in the presence of 2 mg of human -calpain or albumin/ml. Cell counts were determined at various times after electroporation. Fig. 7 presents the results of one of two experiments that produced essentially the same results. Between 2 and 24 h after electroporation, there was little or no cell growth, whether the cells were electroporated in the presence of calpain or BSA. This presumably reflects recovery of the cells following electroporation. Between 24 and 48 h after electroporation in the presence of -calpain, the doubling time was 18 h, close to the wild-type growth rate. The BSA-treated cells grew with a doubling time of 29 h after the initial 24-h lag, consistent with the growth rate of untreated SHI cells. As indicated in Fig. 7 , the increased cell number for the calpain-electroporated cells was statistically significant at 48 and 72 h. In an independent experiment, 72-h post-electroporation values of 317 Ϯ 8 and 199 Ϯ 64 (S.D.) cells/mm 2 were obtained for cells electroporated in the presence of -calpain and BSA, respectively (n ϭ 3 culture wells, p ϭ 0.033). The increased growth rate of the calpain-treated cells was transitory. In the time interval between 48 and 120 h, the apparent population doubling time in this experiment was 34 h. This is slightly longer than for untreated SHI cells. However, in the repeat experiment, the doubling time during this interval was 30 h, which is nearly the same as for untreated SHI cells. After 48 h of culture, little human -calpain was present per SHI cell (Fig. 7, inset) . There was a faint band at this position in the protein immunoblot. However, it is not noticeable in the photograph.
DISCUSSION

Isolation and Initial Characterization of SHI Cells-By culturing CHO
p cells in the presence of ZLLY-CHN 2 , the SHI cell line was selected. SHI cells were resistant to the toxicity of this cell-permeant, irreversible calpain inhibitor (Fig. 1) . In other studies, we found that the SHI cells were as sensitive as CHO p cells to inhibition of cell growth by ZLLY-CHN 2 (not shown). Thus, it did not seem likely that SHI cells contained a form of calpain which was insensitive to this inhibitor. Subsequently, it was demonstrated that partially purified SHI -calpain was approximately as sensitive as CHO p -calpain to inhibition by ZLLY-CHN 2 . Moreover, the -calpain present in SHI cells did not appear to differ significantly from CHO p -calpain in chromatographic properties (Figs. 4 and 5 ), large subunit molecular mass (Fig. 5, panel C) , Ca 2ϩ -requirement, or sensitivity to inhibition by calpastatin. These results indicate that SHI cells express a form of -calpain that is similar to, or identical with, wild-type -calpain.
The molecular mechanism of SHI cell escape from the toxicity of ZLLY-CHN 2 remains a matter for speculation. SHI cells appeared to possess 50 -70% less -calpain than the parental cell line (Figs. 4 and 5) . More detailed analysis is required to determine whether this defect is at the transcriptional, translational, or post-translational level. Whatever the mechanism may be, the decreased content of -calpain in these cells could be related to their ability to survive treatment with ZLLY-CHN 2 , since there are well-characterized examples of enhanced survival of cells which underproduce target proteins for cytotoxic agents (41) . In agreement with this notion, electropo- ration of purified -calpain into SHI cells decreased their survival rate upon exposure to ZLLY-CHN 2 (Fig. 8) . It should be noted that more -calpain-electroporated SHI cells survived this treatment than CHO p cells (compare Figs. 1 and 8 ). This may reflect the short window for ZLLY-CHN 2 treatment, 24 h after electroporation to allow recovery of SHI cell growth but before the 48 h time point, when the transitory effect of electroporated -calpain on growth rate ends. This may allow some cells to escape from the toxic effects of ZLLY-CHN 2 before the 16-h treatment is over. There is also the likelihood that electroporation did not result in a uniform distribution of -calpain in the cells. Non-uniform uptake following electroporation of antibodies into mammalian cells has been noted (38) . Therefore, some cells may not have accumulated sufficient amounts to greatly alter their susceptibility to ZLLY-CHN 2 toxicity.
SHI cells proliferated at a lower rate than the wild-type CHO p cells, as predicted by the hypothesis that calpains are required for regulation of cell proliferation. The increase in population doubling time from 19 to 29 h (Fig. 2) could be entirely accounted for by a prolongation of G 1 phase by approximately 10 h (Fig. 3) .
Injection of purified human erythrocyte -calpain into SHI cells by electroporation increased the growth rate of these cells over the first few population doublings (Fig. 7) . The transitory nature of this effect would be expected with catabolism of the human -calpain within SHI cells and its dilution between two daughter cells with each cell division. As indicated in the inset for Fig. 7 , there was a marked reduction in human -calpain content per SHI cell 48 h after electroporation. The increased growth rate was not the result of electroporation alone, since electroporation in the presence of an "inert" protein, BSA, had no effect (Fig. 7, open circles) . Moreover, exposure of the SHI cells to the same combination of calpain and calpastatin utilized in these studies, but without electroporation, did not alter cell growth (not shown), indicating that the accelerated growth rate was not the result of extracellular effects of calpain or calpastatin. The ability to temporarily restore the defect in growth rate by introduction of exogenous -calpain is consistent with the idea that a decreased content of this isozyme is responsible for the slow growth of SHI cells.
Calpains and Cell Division-Several different laboratories have presented observations consistent with the participation of calpains in cell division (24, 42, 43) . Ours is the first study to suggest a specific role for the -calpain isozyme in cell cycle progression. Previously, it was suggested that microinjection of m-calpain near nuclei of PtK 1 cells accelerated progression through M phase (42) , whereas -calpain reportedly did not influence mitosis. The present studies indicate that -calpain is important for the rate of progression through G 1 phase. Thus, calpains appear to be involved in at least two different phases of the cell cycle, G 1 and M. Consistent with this notion, studies of the effects of cell-permeant calpain inhibitors on cell cycle progression of synchronized smooth muscle cells have indicated blockade in both G 1 and G 2 /M (43). Although it is possible that the two different calpain isozymes function independently, m-calpain in M phase and -calpain in G 1 phase, we have not ruled out a role for m-calpain in the latter.
In this study, we have applied the hypothesis that calpains are targets for the antiproliferative effect of the cysteine protease inhibitor, ZLLY-CHN 2 , to isolate a -calpain-deficient CHO p cell clone which also has an increased population doubling time. The wild-type proliferative growth rate could be temporarily restored by microinjection of purified -calpain, providing evidence that this calpain isozyme has a role in regulating proliferation of SHI cells. Our observations are consistent with the hypothesis that -calpain is involved in setting the duration of the G 1 to S phase interval and establishes a system for testing this idea. Further studies to establish this hypothesis are ongoing, and a caveat that should not be ignored is the possibility that the intracellular target for ZLLY-CHN 2 is not -calpain but a related protein. The studies presented in this article argue that the target is at least very similar in properties to -calpain, since ZLLY-CHN 2 is an active sitedirected inhibitor of cysteine proteases with very little reactivity toward sulfhydryls in general (23) , and the defect in SHI cells could be reversed by microinjection of purified -calpain. More information could be gained by molecular genetic studies, but, unfortunately, the cDNAs for hamster calpains are not available. We have recently found that antisense phosphorothioate oligodeoxynucleotides against human calpain small subunit will deplete calpain in cultured human cells, and inhibit cell growth. 2 This observation lends support to the possibility that similar studies with the SHI cells will provide evidence for the role of calpains in their growth. One such study would be stable transfection of SHI cells with -calpain cDNA to determine whether this will produce reversion to the wildtype growth phenotype. In summary, by comparing the SHI and parental CHO p cell lines at the cell physiological and biochemical levels, it may be possible to gain a detailed understanding of how -calpain influences proliferative cell growth and perhaps other cellular functions.
